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ABSTRACT 


This preject is a survey of current state-of-the-art 
techniques and descrices the design and demonstration of a 
low speed fiber optics link between a microcomp'ter and 
remote peripheral device (ASR-33 teletype). In addition, 
preliminary GeSsign is included for wu high speed nuitiplexed 


feper Dptic Link. 
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fe INTRODUCTION 


ee ate 22 fom ew ww we 2 ee ee ee ee 


A. Caan CTIVES 


Fron the Corning announcement of a 20 dB/Km cabie 
attenuation in 1970 to the recent announcement of 
experimental fiber optic cabie materials with Losses as low 
as 1-2 dB/Kmn , data communication applications using fiber 
cptics has been exvanding much like that experienced with 
the acvyeut or the transistor in the 1950's. Hyeche OL ene 
basic research for fiber optic systems :inciuding LED's (Ref. 
1), detectors (Ref. 2), and the fiber cabies themselves 
(Ref. 3 ), is complete and weil known. Ma4or commercial and 
Mmereacy iakoratories such as NELC, NRL, AFAL, BEES 
CORNING, NIPPON ELECTRIC, aAEG-TELEFUKRKEN and others are 
turning out new design ideas such as the nulti-terminal data 
bus, towed and moored sonar surveillance arrays, replacement 
Memeta CalLrying Coaxial cables in a@ircrait (NELC A-7 ALOFT 
program), COLOL multiolexing and commercial telephone 


tand-line replacement (Ref. 4,5,6,7). 


The object of this research was to apply basic fiber 
Seerce Cechnolocy tc a practical engineering application. 
The application selected was an attempt to Link two 


PGrocomuuters Chrondh a fiber optic medium. 


kh microcomputer laboratory facility was utilized in the 
link development. ive) imeel Corporation Inteilec 8 
microcomputer developaent systens were used. Each systen 


Opirtered in conciguration. 


computzr to computer lint was not 


Oz 


Although a nigh spe 


ee 
achieved, a demonstrataeble system javolving microcouaputer to 








remote I/O device was achieved. Preliminary desigqa for the 


high speed link is aiso included. 


The work necessary to achieve an operational link 
included: a preliminary literature survey of fiber o%ptics 
memnoLogy and State-of-the-art appiications; study nd 
familarization with the Intel microcomputer (hardware and 
progran soitware); study of the ASPF-33 teletype; and design, 
fabrication and test of an optical svstem to interface 


computer and peripheral device. 


Documentation on the configuration status and 
modifications to the two microcomputers was not readily 
located creating some initial confusion. For that reason, 
aji details of connections made ana procedures followed in 


the demonstration are presented. 
B. Pre emeor i LCS Ao A TRANSAT SSTON &2piUA 


The quantity of information that can be carri¢d over 4a 
transmission channel is dependent on its freguency; the 
higher the frequency, the greater the channel capacity. 
the frequency of light is approximately 1000 times greater 
than the shortest radio waves, thus maxing this transmission 
medium a highity desirable and exploitabie source for 


communications links (Ref. 8). 


Hepes Optic data transmission offers a potentially 
Superior methcd of transmitting very hign speed digital data 
(using standard IC logic components) as compared to 


conventional electrical wire systems. The ability 


yp Ff 


Of 
Puese to retain its energy distribution, to propagate at 
uniform pate, and not to reflect back to itS source are 
Peamary areas OL concetn in high frequency applications. 
meper Optical lines offer, 3 a mMininum, RPLI/ENT/noise 


Immunity, total electrical isolation, transmission security, 





low cross talk, no ringing, high environmentai temperature 


capabilities, and extremely wide handwidths. 


Attenuation losses have been the najor disadvantages of 
this transmission medium. Pulse dispersion due. to varying 
velocities of provagation through discontinuities ina qlass 
also becomes a major disadvantage when discussing and 
designing digitally coded systems. The data~-rate capability 
of a fiber optic bundle is determined by its dispersive and 
mode characteristics. A multi~mode fiber has a theoretical, 
bandwidth/Knm of 20-1900 MHZ while the single mode fiber 
extends to 10 GHZ. A 1 GHZ bandwidth is equivalent to a 
2000 fegabit capability. When talking of avionics or 
shipboard environments involving iengths of less than 390 H, 


Mme data rate 1S Significantly higher. 


Considerable effort has been expended over the past 


decade oO harness the power and high frequency 
characteristics one alriefnie Specatwcatly, fiber. cytical 
cables or transmission lines have been developed foc 


Seericetichn in both analog and digital data links. 


C. PeCont APPLICATIONS IN FiBrR OPTICS 


Peper Optic systems are generally regarded as being in 
a test bed stage at present. Many research and developnent 
facilities are building experimental systems and taking a 
mrad Look at trade offs. The following paragraphs indicate 
the current state-of-the-art in military and conmercial 


applications. 


The Naval. Electronics Laboratory Center is regarded by 
most DoD fiber optics technologists as the ‘leading lab' in 
applied research for fiber optic systems. However, througn 
a tri-service group of experts, the military labs are 


Sharing the jeb Ore cpp lyang “technology to military 
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requirements. NELC currently has programs developed or in 
development in the avionics, shipboard, and underwater 


acoustic array areas. 


As early as three years ago, NELC installed and 
operated a successfui voice data link (ship phone circuit} 
aboard the cruiser USS LITTLE ROCK. fhe system linked six 


areas together carrying highly classified data (Ref. 9). 


In the data bus area, NELC has been actively invelved 
Mea Multi-terminal data bus concept (Ref. 4). They 
demonstrated a successful five terminal 5 Mb/s link early in 
1974 using commexcial components. This systen Was 
considered to be a prototype for an avionics data bus. The 
link was unidirectional and thus unsatisfactory in terms of 
their initial requirements. Further research is aimed at 
ieee ding OLE compli ex techniques and achieving a 
bi-directional data flow. One current idea being actively 
Meesued 1S that of color muitiplexing'. This technique is 


a Carrier frequency multiplexing in the optical spectrun. 


Meanwhile, NEIC has replaced conventional twisted wire 
pair connections between on board computers and pilict 
SeaplayS in the A-7 aircraft. The A-7 program (called ALOFT 
epee Alrcraft Light Optical Fiber Transmissicn} is currently 
planned for in-flight testing at the Naval Weapons Center 
,China Lake, early next ear. the current plan is for 
replacement of 302 twisted wire cables with 13 fiber optic 


Gaples (Ref. 9). 


Other NELC applications include a TY transmission 
system on a Boeing 720 test bed with a folicw on 
Mietallation in USS KITTY HAWK for transferring CIC data to 
Memerouwe cLeacy rooms. Ali RELUC: applications are not aircraft 
Oriented. Several prograus exist today which are involved 


in tethering sonar arrays and moored surveillance systems. 


\ 
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Much o£ the problem in these areas relates to enviromental 
and physical cable stresses, At-sea prototype tests are 
being run presently. The NELC underwater cable programs are 
being done in conjunction with Corning, Simplex, and ITT. 
More details of these systens 1S unavailable in this report 


due to classification. 


The Naval Sea Systems Command (NAVSEA) is developing a 
new system (Ref. 16) which wires together electronic systems 
on warships. The Shipboard Data Multiplex System (SDMS) 
multiplexs signals from radar, sonar, and missile systems 
onto 20 channels in 5 dispersed cables to route data 
througnout the ship. The data transfer needs will include 
voice and other wideband signals and could handle up to 95 % 
of all shipboard electronics needs. Rockwell International 
Autonetics wcnh the competitive bid with twisted wire pair; 
howevec, it -iS Significant that the RCA bid vas for a fiber 


optics implementation. 


The USAP is also interested in avionics fiber optics 
applicaticns with their fly-by-wire systems and balloon 
over-the-horizon radar application (Ref. 14))< 
Marconi~Eliiot Avionics Systems of Kent, England is linking 
Seeadircreft computers to flight control systems in the YC-14 
(medium STOL candidate ). The data is serial format at 250 


RD7/S transmitted py GaAS LED's through low loss multi-mode 


fiber and detected by p-i-n photodiode. The success of 
tests W111 detexmine further fiber optic applications 
possibly for engine control systems at a later date. RADC 


1s looking at the radar balloon application. Essentially, 
an over-the-horizon radar will be ballocn mounted and 
launched to 12,000 Ft (4 Km). Radar data transfer will be 
through a fiber optic tether. Since the fiber cable wiil be 
used, heavier wtiicrowave components can he eliminated and 


Interference reduced. 
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The US Army Electronics Command is working on 3 major 
systems: a main trunking system up to 60 Km long (with 
repeaters); an 8 Km downlink to a command post; anda local 
communications link (to 1000 Ft) replacing coaxial 26-pair 
cable. The Army will utilize Cornina's graduated-index 
@apie for the first two applications (4& to 9 adB/Km) and 
possibly IfT's step-index 20 adB/Kn cable for the 26-pair 


replacement (kef. 9). 


The latest commercial fiber optic applications include 
a Bell Canada affilliate analog systen and Japanese 
point-point telephone microwave replacement, control systens 


use, and computer to computer links (Ref. 12,13 ). 


Bell-Northern Research has announced the analog systen 
for voice, high speed data, and color TV studio quality 
Signal transmission. fhe system has a 15 NHZ bandwidth with 
data rates to 1.5 Mb/s. Systems components inciude a high 
radiance double hetero-structure GaAlis LED, multi-mode 15 
Meena Lider, and @ p-i~n photodiode in a TO-18 header. The 
systen alsc incorporates @a.unigque splicing facility 
invoiving a Stainless steel tube with index matching fluid 
inside. The cable is merely cut, ends butted together in 
the tube, and the tube ends crimped. The insertion loss is 


less than 1 dB using a 100 micron core cabie. 


Taree Japanese teams are involved in fiber optic 
applications to upgrade the ma jor power companies 
coffmunications systems: (1) Nippon Electric and Sumitono 
Electric Ind. Ltd. are deveioping a PCM optical system to 
meatstit control data; (2) Hitachi Ltd and Hitachi Cable 
med. are developing telemetry systems; and (3) Fujitsu Ltd. 
and Furukawa Electric are concentrating on high-speed 
"optical picture transmission and computer to computer links. 
In a remarkacle demonstration of the fiber optics cable 


ability to withstand high noise and interference, Nippon 


AZ 


a 





MmiectEhe Lan a 2.2 Km SELFOC cable next to a 150 KV power 


Sqeage with Grrer free Operation at 7.8 Mb/s. 


The applications mentioned are only to illustrate the 
current interest and wide applications, especially milita:zy, 
watt per Optics technology today. These applications are 


far from inclusive. 


Dee COMPUTER TO COMPUTER LINK DEVELOPMENT 


1. Functignal Data Plow 
Figure 1. illustrates the functional block diagram 
of the demonstrated link (microcomputer to peripheral 


device). Although the cemonstration involved only a simplex 
operaticn from Systen A to TTY-B, the reverse (microcomputer 
B to fTTY-A) works exactiy tne same. This link overated at 
mo baud. With an additional ChKI on System B, the Link 


speed would have been 1206 baud. 


Figure 2 illustrates the high speed computer to 
computer link utilizing a TDMX scheme operating at a data 
rate of kilobits fer second. The link requires an interrupt 


capability which has not yet been developed. 


Figure 3 is the conceptual multi-terminal data bus 
(computers as terminals) utilizing wavelength multipiexing 
(Ref. 4). fT 


Similar to the two computer high-speed link. Major changes 


The concept of the multi-~terminal System 1S very 


would include transmitter modifications, modified systems 
software to uandie interrupts, polling, and data format 
variations. ijeaciteron, Di-directional couplers remain to 
be fabricated and tested. At the present time, the PDP-11 
computer is connected to the Inteallec 8 system via an 
Optc-isolator package (off the shelf). The comnpater to 


computer Jink operates at 1200 baud. 
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Ii. DEVELOPMENTAL COMPUTER FACILITIES DESCRIPTION 


ed mee SE ee ey Se ee ee — see es ne aes SS = ee ee ee ee ee ee ae 


Ae HARDWARE FACILITIES 


The Computer Science Group at the Naval Postqraduate 
School has acquired a developmental system of three Intellec 
8/MNOD 8 micrccomputers, with assorted peripherals which is 
presently located in Spanagel Hall room 519. The Intellec 8 
iS a development prototype of Intei's MCS-8 sSysten. The 
system functional block diagram of the deveiopment 
configuration is shown in Figure 4 Specifications, 
munectLOnNaL system modules, and first level theory of 
Operation are contained in Reference (14). Two of the 
developmental systems were used in the link demonstration. 
The third system was dedicated to computer science class 
usage. iae @MICEOCOMpUtcCr Operates @—-bit parallel yith 
Zavertead TTL compatible output, has the capability fOr Sx 
Pere input ports and up to 24x8 bit output ports. The 
development system has facilities to permanently store 


programs on Read-Only-lNemory (fhOM) chips. 


1. Development System A Configuration 

System A&A was considerably more complete than System 
Beeeetne basic configuration is shown in Figure 035. The 
console has a mother board which holds printed circuit cards 
Remeenweu, sGh;y RAG, Input/Output Output, CPU, and Front 
Panel Display Ccntroller. System A has two I/O cards and 
omen, O:tbput card at present. An externally wired 
Mamae/OUtput racility and the first I/O card facilitate use 
of a high speed paper tape reader and the two peripheral 
Geeselays (irr, CHT). Tkhe second I/0 card was added for 


interfacing the PDP-11 corputer in another laboratory not 
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relating to this work. Both I/0 cards have a switch added 
to control the data rate between 110 baud or 1200 £4baud. 
Both switches on the I/O cards are 110 baud in the forward 
position. The external I/O board was added for student 


peo jects. 


The top port on the external T/O board 1s dedicated 
to the nigh speed paper tape reader; Ports G and 1 are 
dedicated tc the teletype function; Port 3 output is 
available for output device connection; and Port 3 input is 
moe, connected. All pin connections are. 16 pin DIP 
compatible. Figure 6 1s a detailed mapping of the external 


I/O board connections. 


The CKT device is a standard aipha/numeric display 
with full duplex orerations at baud rates from 110 Bps- 2400 
bps. Tne data rate selection is accomplished by three 
SWitcnes on the rear panel. fhe Full Duplex/fHalf Duplex 
Switch is set to FDKX, the 110/150 switch to 110, and the 
Wemeany S¥itcn to 1 £or 119 Bps or 8 For 1200 Bps. the “che 
output iS a voitage level device which must be converted to 
fume o-232 ELA standard current loop for connection te the 


Computer {1/0 board). 


Teletype operations are handled directly by the I/0 
Sepaee tether than using an interface unit and controller 
Separately. The basic unit for TTY operations on the I/0 
board is the Universal Asynchronous Receiver/fransmitter 
(UART). The UART couverts serial input bit streams to 
Patallel 8-bit ASCII code output for use by the computer; 
Similariy it converts the output from 8-bit parallel to 
mwerial. Details on the UART are contained in the Link 
design section. The teletype input is in a current loop 
form and must he converted to a voltage (Serial) coding by a 


€ransaistor circuit prior to receipt at the UART. 
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The final hardware component utilized in system A 


was the flexible disk drive and is self explanatory. 
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System B 1s a 'bare bones! configuration as shown in 
Figure 5(b). The major component of interest in this system 
was the I/O board no. 1. The board 1s identical to that 
discussed in system A. The I/0 board in system B allowed 
access to the computer through the teletype facilities 
directly. The computer could also be accessed via the front 
panel by entering assembly language commands in Hexidecimal 
format. Procedures for doing this approach are described in 
Mem. ( 15 ). 


B, So lat SOF WARE FACILITIES 


The Intellec 8 system includes a monitor (SBOS) and a 
file handling sySsten. The assembler software 1s NOE 
included. Programs may be written in PL/N, (Ref. 15 ), a 
high level language or in assembly language. Programs must 
be loaded by paper tape or manualiy through the front 
console (in Hexidecimal format). System B does not have a 
Tlexible disk or resident file handler but has facilities 
Pom ee ROM. 


In loading a PL/M program, it must first be compiled 
under a two-pass system resident on the school's IBM 360/67 
computer facility; output is a punched deck in EBCDIC format 
Which must be converted to ASCII format on the xXDS~-9300 
conplex. The EBCDIC punched deck and 9300 control progran 
are loaded in the card reader and sense switch 6 on the 
computer console set. A canned routine will prompt the user 
through the necessary steps to get a paper tape output 


(Hexidecimal format). 


The paper tape program is loaded onto the Intellec 8 
system through the resident disk control program (CP/M) 





(Ref. 17 ). It may now be manipulated (edited) using 
macro~instructions (Ref. 18 ) - PL/M programming is 
relatively straight forward and Similiar to Fortran in 
meexibility. Yt uses a free form format and is especially 


designed for the 8~bit Intel MCS-8 microcomputer family. 


System B does not have a disk unit and must be 
programmed in assembly language (Intel 8006/8080 version) 
Instructions are loaded from address and data register 
controls on the front panel (in hexidecimal format). The 
systen does not enjoy the EDITOR Leature although editing 
Can be accomplished throuyh console entered commands such as 
display memory, fill memory, etc. A complete Tntellec 8 


Syomeen Unstructzon repetoire is contained in (Ref. 14 }. 
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Several constraints limited the design flexibiltity 
for the computer to computer iink. Chief among these was 
the unavailability of input/output access ports (8 bit 
parallel) on system B. This factor meant the necessary 
fabrication cf an external input/output panel wired as shown 
in figure 6. In addition, to ccmmunicate 8 bit parallel 
meant multipiexing and demultiplexing over the fiber-optic 
cable. Early in the design process it was determined to 
achieve an operational link as simply and guickly as 
possible. The facilities of the Universal Asynchronous 
Receiver Transmitter (UART) were taken to advantage in the 
multiplexing/demultiplexing BUNGE LO. However, thas 
Memweneage limited the data rate achievanple to 1200 Baud. 
Further, Since system B had only a TTY interface, the data 


rate was limited to 110 Baud. 


A second constraint determined at the outset of the 
project was to keep design simpole and achieve an operational 
System in steps. Rather than completely redesign a receiver 
Ut for the link a survey of four systems involving 
Similiar coacepts vere examined for usage. Unfortunately 
none were optimum and the receiver turned out as a hybrid. 
A corrollary to this constraint was use of commercially 


availiable components. 


The thira constraint involved not encdineering 


considerations but time. The deveitopment facility was not 
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dedicated to this project solely but shared with two other 
thesis project efforts, and in addition, to class projects 
in the computer science curriculum. This constraint was the 
most troublesome Since it invoived setting up/securing link 


components on a frequent basis. 


2. Design Approach 


‘ 


A preliminary study of the reference manual for the 
Microcomputer, and in particular the I/O board, showed that 
communicatioa with the YUART (controller) required receiver 
Stlepet at Computer compatible TUL logic levels. To transmit 
intelligence over the fiber optic cable a modulator was 
necessary Which was compatible with the TTY interface to the 
[merOocomputer. Figure 7 illustrates over-all factors which 


were considered and investigated in designing this link. 


Measurements of logic levels were taken at various 
circuit points on the I/O board and checks made to ensure 
the TTY had a 20 @A current Loov as specified in the ASR-33 
Memenyote reference Manuai (kKef. 19 ). Results of the 
measurements were consistent With those deternined 
beforenand. The system was tested in the laboratory with 
precision test eguipment prior to interfacing to the 


microcomputer systen. 


The configuration used for testing the receiver 
circuit consisted of a function generator (using a square 
wave) driving an LED in a 20 mA current loop at a ‘frequency 
of 110 HZ. The receiver vas tested both with and without 
the fiber optic channel to illustrate differences in signal 
levels and wave forms, Pigure 8 defines the design/test 


eonriguration. 
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Be. DETATLED LINK DESIGN 
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Piemdesign LO the tralsmitter was simplistic. The 
ASR-33 teletype operates on a 20 mA current loop for 
keyboard receive and transmit. A commercially available LED 
was selected for use as the transmitter. A Spectronics 
SE-5450-2 Gallium Arsenide LED operating in the near 
infra-red was chosen. The peak emission wavelength was 935 
manometers. Table I details the major optical/electrical 


Characteristics. No further driver circuit was required. 


The LED connection into the ASRK+33 current loop is 
shown in figure 9. An extension plug was made to facilitate 
experimentation. The extension waS a CINCH JONES female 
receptacle wath 8 leads running to a maie CINCH JOKES plug. 
The 8 intermediate wires vere cut, stripped, and reconnected 
by using double female ended standard logic desiqner board 
connectors. The LED was inserted in series at wire number 
three. fhis connection placed the LED in the TTY send loop. 
When utilizing a Special PL/M program (written by another 
student) the LED was connected in series with lead number 
Six. This placed the LED in the Dip Pecezve Loop. “in — both 
configurations the LED #as modulated Fave o UG the 


microconputer. 


As previously mentioned, the PL/M program allowed a 
CRT to drive the teletype and subseguently the LED. Tae 
Significance of the program was aue to configuraticn 
pecuiiarities in system A. Pi wOrdereas to itso the  ASR-33 
teletype as the I/O device on system A, several plugable DIP 


pin connectors needed to he 





TABLE {f. 
Sees oU- 2 LEO LICAL/ELECTRICAL 





CHARACTERISTICS 
—PARAMETER TYPICAL VALUE TEST CONDITION 
OPTICAL POWER 1. 5m I, = 100 mA 
BEAM ANGLE 12 DEGREES SEE NOTE 1 
FORWARD DROP Lee. | I, = 100 mA 
REVERSE BREAKDOWN 6 V I. = 10 uA 
RADIATION RISE TIME 0.7 uSec 
PEAK WAVELENGTH | 935 nm I, = 100 mA 
FORWARD CONTINUOUS 
CURRENT 25 DEG AMBIENT OO aa 
25°DEG CASE 750 mA 
MAXIMUM TEMPERATURE ~65 to +100 DEG. C 
NOTE 1. . THE ANGLE BETWEEN 3 dB INTENSITY POINTS 
PhS Sapien 
2140 DE 
TO-46 CASE 
1. CATHODE 
Zane 
3. ANODE 
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disconnected on the microcomputer printed circuit beards. 
these were disk connections, and E/O card no. 2 connections. 
This procedure required time and resuited in total 
dedicaticn of the I/O to the teletype. This was not 


mesyrable for Other users convenience. 


Pour design approaches were considered for a 
receiver that could be ccnstructed from reaSonably comnon 
discrete or IC components and be responsive to the chosen 
transmitter. The four design approaches inciuded: (7) an 
NELC data-bus receiver (Rer. 4 ) (2) sett BM receiver 
designed for the A-7 ALOFT progran (Ref. 6 ) 3; (3) a Naval 
Undersea Center receiver design for a deep- submergence 
vehicle centrcol system (Ref. 20 ) ;and (4) design approaches 
from several previous Theses involved with fiber optic 
Systems (Ref. 21,22 ). The ultimate factors in selection of 
a design approach LOE tne receiver rested in the 
Characteristics of an available photodetector, and the 
required voitage ievel to drive a signal te the teletype. 


€ 
Functionally, the receiver looked as shown in figure 10. 


The following sections describe the details of the 
Leceiver design. 


ae Detector 


A p-i~n-3/D Planar Silicon Photodiode was 
available for use as the detector. The device was 
Manufactured by United Detector Technology Inc., Santa 
Monica, Ca. Specifications from marketing brochures are 
shown in Figure 11 (optical/electrical characteristics) and 
mete 12 (spectral resovonse). The p-i-n-3/D had a spectra 
response commensurate with the GaAs LED and also was low in 


Junction capacitance/noise characteristics. 
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RESPONSIVITY (10 VOLTS,850NM) O74 
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DARK CURRENT (10 VOLTS) 0202 
Hiopene mel KHZ, 0.850) esta 
RESPONSE TIME (67%) 15 
BREAKDOWN VOLTS (10uA) 50 
ACTIVE AREA Or03 2 
ACTIVE SIZE G2050x. 100 
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b. Pre-Amplifier 


The output of the photodiode was sho the 
Microvolt range and was not measured due to sensitivity of 
standard labcratory equipment used. The output of the 
receiver was chosen to be greater than +#2.2 VDC and less 
than #5 VDC. This factor required a high gain, iow noise 
amplifier. The amplifier chosen was a linear integrated 
circuit, the uA 741 frequency compensated Operational 
amplifier. Two stages were cascaded to achieve a +#2.2 VDC 


level. 


Frior to deciding on the ufa 741 arrangement, a 
two-stage cascoded video amplifier circuit was built and 
tested. An RCA Linear ampiifier (RCA CA 3018A) was utilized 
~ This amplifier had a theoretical frequency response plot 
good from 6 KHZ to 11 MHZ at the 3 dB points. In designing 
the amplification stage too much emphasis was placed on gain 
(1-e. because of the extremely low input voltage) and the 
lower 3 dB point was not correctly seen until the circuit 
was tested. Figure 13 Hemtnomeuewieewerorn Gfethe first 
Stage CA 3018A with and without the fiber optic cable. 
Noise is considerable in the output as well as some severe 
Cinging. As expected, the signal did not hold below 1 KHZ. 
Figure 14 is the output of the two stage cascaded 
Operational amplifier and Figure 15 is the two. stage 


amplifierydetector circuit schematic. 
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The input to the first stage was unobservable 
With the egquipment ranges available, A detector output 
equal to the lowest value on the minimum scale of the 
oscilloscope was assumed (0.2 mV/div). The amplifier output 
was assumed 0.7 VDC or equivalent to that required to turn 
on a Silicon transistor. The overall gain of the amplifier 
required was 3500. The first stage was designed with a gain 
of 470 and the second with a gain in the vicinity of 50. 
This gave an overali theoretical gain of 14,000. The output 
voltage level of the second stage was 0.5 VDC. The actual 
Jain was considerably reduced in the first stage LO 
approximately 1000 and in the second stage to 3. ‘The 
reasons for the discrepancy between theoretic and actual 


gain was not investigated. 


During the amplifier design, a 0.47 uF capacitor 
was utilized between stages as dc blocking. This component 
latter was replaced by a Straight wire Since it effectively 
differentiated the ainput waveform and didntt allow a 
Sufficient pulse duration to actuate a mechanical relay on 


the teletype. 


owe Level Shifter 


The output of the second op-amp was sufficient 
(under Signal conditions) to turn on a switching transistor 


combination. Figure 16 is the level shifting circuit. 


Output of the levei shift circuit was determined 
by measuring the output of the UART in system B under 
no-load/load conditions with an oscilloscope on dc level 
Setting. Commands to the conputer in the form of display 


memory locations were executed and tne resulting scope 


uO 





pattern exapined. The level for a logic ‘1 (or high) from 
the UART was 2.2 VDC and +5 VDC under load/no-load 
respectively. The logic level ‘0 (or low) was 0.8 VDC 
under both conditions. The output of the level shifting 
fteecuit Was set for a level greater than +2.2 but not to be 


more than +5 VDC. 


The second transistor acted merely as an 
inverter since the signal at Q1 was 180 degrees out of phase 
With the input. As an additional buffer precaution, a 7405 
Hex inverter stage was added with two stages, one inverted, 
one in phase. This proved unnecessary in the link 
demonstration, The completed receiver schematic is shown in 


figure 17. 


uy 





+5 





2N714 


PUGU RE 216 
DEVEL ola re CrreurT 


42 








OTS 


ANZ 


DIENG 


QILVNAHOS UdATHOdd 
"ZT HkdNOLl 


OTS 


=-wee: a re nee amet we mes 








The key element in achieving a workable data link 
was the interface between the receiver and the controlling 
circuits . The I/O beard in the microcomputer contains two 
functions needed in the interface: (1) the UART, and (2) the 


voltage~current cenversion circuit. 


The UART ais an “MSI Cilwews © that allows a 
parallel-serial conversion and back again at logic levels 
compatible with ITL integrated circuits. The asynchronous 
nature of the UVART does not reguire locking into systen 
timing; only the beginning and end of words must pe 
distinguishable. The interface must, of course, have equal 
timing at each end. Figure 18 is an illustration of the 
serial data format for 100 HPN, ASR~33 8 level teletype 
code. The 90.47 uF capacitor previously mentioned in the 
amplifier coupling was sufficient to perturb this timing so 


that the interface did not work properly at first. 


Essentially the UART parallel loads a, shift register 
and clocks out the data serially for vice-versa). The 
parallel output is then latched onto the I/O ports. in 
addition to data conversion, the UART does considerabie 
housekeeping such that a complex MSI chip is required. fhe 
UART utilized in system B was an AY-5~1012 (General 
Instruments). Five othec pin compatible UART's are: (1) 
$1883 American Microsystems, (2) 2536 Signetics, (3) con 
2502 Standard Microsystems, (4) TMS 6012 Texas Instruments, 
and (5) TR 1602 Westarn Digital. The UART comes in a 40 pin 
DIP package. Pin functions are shown in figure 19 and are 


mel: explanatory. 
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FIGURE 18 
SERIAL DATA FORMAT FOR 
ASR~33 TELETYPE 
PIN 1 +5V PIN 21 RESET 
2 -12V 22 NC 
3 GROUND 23 STROBE 
4 ENABLE 24 NC 
5 NC 29 SERIAL DATA OUL 
6 MSB 26 ILSe 
ASClISVARALLEL . : ASCE 
12 LSB OUTPUT 32 MSB INPUT 
Hee PARITY 33 NC 
14 FRAMING 34 +5V 
5. “OVERRUN 35 GROUND 
16 X ENABLE 36 4+-5V 
17 CLOCK 3) +5V 
18 STROBE RESET 38 GROUND 
19 STROBE 39 GROUND 
20 SERIAL INPUT DATA 40 CLOCK 
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The second pact of the J/O board of interest is the 
output voitage-current code conversion rr cit ti This 
circuit takes the serial UART output voltage level and 
converts it to a 20 mA on-off current ioop in ae two 
Meanmsistor circuit. The circuit 1s Shown in figure 20. 
When there is no data on the line pin 25 of the UART is high 
Meqre at +5 VOC. The base of 04 1S +0.7 VDC and Q4 is on. 
The transistor on state provides a current path for +5 VDC 
through R15/R16 to ground putting the base of Q4 essentially 
muerte volts and a Saturation condition. tiem Joe we 
reference is felt through R1I2/R18 and the teletype load 
impedance generating a 20 mA current in the tiLoop. This 
condition sSignifies a stop or mark condition. The reverse 
Semdition occurs for a Space or zero signal condition. os 
is off and Q4Y iS reverse Diased. The collector of Q4 is at 


saeVOC and no current flows in the teletype loop. 
The receiver output was connected to the UART side 


of R39 in figure 20. This allowed computer A to interface 
teletype B. 
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eee LINK DEMONSTRATION PROCEDURES 


The following instructions detail the component 
interfaces and steps which must be followed to effect a 
working demonstratioa link between computer A and remote 


teletype B through the fiber optic cable. 


The LED transmitter was inserted into the CINCH/JONES 
extension at lead number 3. The teletype on system A was 
plugged into the female side of the CINCH/JONES and the nale 
side of the CINCH/JONES was inserted into an interface cable 
to the computer through I/O board number 2. The CRT was 
Geumected to the computer through a EIA-RS-232 standard 
anterface via the back panei of the computer on J43. This 


faek Connects directly to I/O board number 1. 


The receiver was connected to the remote peripheral via 
Tf/O board nunper 1. The receiver output was connected to 
the UART side of RY and pin 25 on the UART was lifted from 
its circuit. YThe receiver was supplied through two voltage 
supplies (+5,-8 VDC) and circuit ground was connected to 
computer B chassis. This ground must be properly made or 
the teletyge will not function properly. 

Mie 25 Ft. fiber optic bundle was coupled to the LED 
and the photodiode using a plastic sheatning sligatly larger 
in diameter than either component. The coupling proved to 
be of little problem since the LED had a 12 degree cone 


Waren Locused it’s output, 


System A was pDrought up by the following procedure: 
(1) flexible disk SBOS #1 was inserted into the drive and 
power applied; (2) the CRT was turned on and set at the 
Proper baud rate. This was accomplished by setting the 
110/150 switch to 110 and the rotary switch to 1 on the rear 
panel. In addition the FDX/HDX switch must be at FDX. 
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On system A two baud rate switches on I/Q boards 1 and 2 
must be set in the forward position for 110 baud; (3) 
microcomputer A was turned on and teletype A set to LINE; 
(4) the reset switcn on the front panel of computer A was 
pressed to actuate the system bootstrap progran. COrPecn 
procedure resultS in the display of an '*>A*' at the top 
Margin on the CRT; (5) the program file name was typed in on 
the CRT (P11 GARB. AGE) and Cdperagewereturnenit. Phas 
activates program P11. The program will then prompt the 
user with a choice of options. The options to request are 
Memanit=sN, I/O ports CRT:0, TTY:1, GRE Fecho:Y, jand ITLy 
Beno: 1. Both the CRT and TLY can transmit to each other at 
this point. The L#ED will be modulated dependent on which 


number lead it 1s in on the CINCH/JONES extension. 


System B was activated by merely turning on the 
computer on switch and setting the teletype B to LINE 
position. Transfer of data from systen A to teletype B is 


now possible. 
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A. DESIGN APPROACH 


There are two approaches which are fairly simple to 
implement in achieving a high speed data link through the 
use of fiber optics. The most straight forward method is to 
design 8 identical LED modulator circuits (simply a properly 
biased switching transistor with an LED in the collector 
circuit) connected to each pin of the external extension of 
the I/O ports on system Az The major disadvantage of this 
approach is the need for 8 identical receiver circuits and 8 
fiber bundles. Single fibers could be used but a controlled 
enviroment must be effected so that the light may be 
collimated and focused onto the fiber. The second method 
would utilize a Time Division *#ultiplex (TDMX) scheme 
operating at the maximum microcomputer clock rate of 890 
KHZ. The present receiver circuit could not handle this 
frequency without redesign. The maximum frequency of the 
present receiver circuit is 50 KHZ. Figure 21 is the 


hardware system required to implement this scheme. 


The multiplexer portion of the circuit was breadboarded 
in the laboratory; operation was successful. The design of 
Mies Multiplexer circuit required a clock, a 9312 1S 
Multiplexer, and a modulo 8 ripple counter. The counter was 
constructed from 141 and 1/2 74107 dual JK Master/Slave 
feup—-Flops. The circuit schematic is shown in figure 22. 
Two receiver circuits for full duplex operation are 


required. In addition two fiber bundles are required. 


The element necessary to make this link work is an 


interrupt routine in the computer. The Intel microconputer 
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has a built in interrupt facility which was not investigated 
in detail in conjunction with this research. However, an 
effort is currently in process by a student in the Computer 
Science Curriculum t9 develop the required interrupt. Once 
an interrupt 1S generated, the processor treats the incoming 
code or instruction ‘jammed on' the main data bus like any 
other fetched instruction (Ref.14). There are sone 
restrictions which are detailed in the reference manual. 
The interrupt code necessary would be a J a olias®) le 
instruction at a particular memory location. The memory 
location would contain a preset set of instructions to allow 
data acceptance on a specified data I/O port and then route 
that data to memory. The routine would also acknowledge 
data receipt to the sending computer. These programs are 


not presently written. 
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Ve. CONCLUSIONS AND RECOMMENDATIONS 
A basic link between a microcomputer and a peripheral 
I/O agevice has been designed and demonstrated. The nigh 
Speed computer-computer link was not accomplished since the 
design and realization of an interrupt capability for the 


Tntellec 8 was beyond the scope of this research. 


The work accomplished herein is prelimianry and is a 
necessary part of any future attempt to demonstrate a high 
speed link. Elements of the system are off-the-shelf and 
commercially available. The basic theory of each portion of 
the fiber optic link is well known and documented. The 
fiber optic cable itself may be the singular exceftion; 
hovever, most work in this area is dedicated to improvement 
of materials, cheaper production nethods, and new methods 
for coupling the fiber to the source and detector. The 
coupling problem is being attacked in many quarters and is 
devoted mainly to finding methods to couple multiple scurces 
and detectors to Single fibers. Fiber optic technology is 
here to stay. The applications are numerous and of extreme 
value to the military in the design of future communications 


Bye evens. 


The facilities and technology base are available at the 
Postgraduate School to become heavily involved in the 
Pxpuosion of fiber optic technology. An asset to this 
factor is the availability of research personnel and _ the 
relative proximity to NELC. WNELC is a respected leader in 
this new technoiogy and could make considerable knowledge 


and experience known to researchers in this field. 


The Computer Science Group at the Postgraduate School 





has considerable expertise in computer systems software 
architecture and development. A working group of the CSG 
and the Electrical Engineering Department should be 
established to investigate methods in which the school can 
further participate in state-of-the- art developments and 
applications. AS a@ more neac term recommendation, efforts 
Should be made to complete the high speed link and then to 
develop the technigues for linking multipie computer systems 


as outlined herein. 
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